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(57)[ABSTRACT OF THE DISCLOSURE] 



[Btt] [PURPOSE] 

(iA/ff coSi^^S^-pRpp^liz: It provides an unleaded solder material which is 

Xfc*I^tj:&}g\Z'g.X~Tlf Z> excellent in the mechanical strength and the 

t <5 wettability, and can lower melting point of a 

S.t/MtLttfvii'Ctifc, M^(D solder even to the degree at which an 

(iA/fc$tf^SI#M~3c, electronic-component assembly can be 

performed, as well. 
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[CONSTITUTION] 

It is characterized by being Sn as a basic 
composition, and containing Ag in the range of 
0.1 to 20 weight%, Bi in the range of 0.1 to 25 
weight%, and Cu in the range of 0.1 to 3.0 
weight%. 
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Melting point 
8s#DS (JHt%) : Addition amount (weight%) 



[CLAIMS] 
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[CLAIM 1] 

It makes Sn as a basic composition, and 
containing Ag in the range of 0.1 to 20 weight%, 
Bi in the range of 0.1 to 25 weight%, and Cu in 
the range of 0.1 to 3.0 weight%. 
Solder material of the Sn-Ag-Bi-Cu type 
characterized by the above-mentioned. 



[fflfsjttfi 2 ] 
S n %m^m.J& i:U Ag(D 
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[CLAIM 2] 

It makes Sn as a basic composition, and 
containing Ag in the range of 0.1 to 20 weight%, 
Bi in the range of 0.1 to 25 weight%, and Cu in 
the range of 0.1 to 3.0 weight%. 
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2 0li%,Cu©fti^0. Solder material of the Sn-Ag-Bi-ln-Cu type 
1 ~ 3 . 0 W characterized by the above-mentioned. 

g-Bi-In-Cu ^c7^f^:A/ 
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[CLAIM 3] 

It makes Sn and Sb as a basic composition, it is 
the alloy in which contents of Sb is 0.1 to 20 
weight%, and which contains any one or more 
type of 0.1 to 30weight% Bi and 0.1 to 
20weight% In, and the remainder is Sn. 
Solder material characterized by the 
above-mentioned. 
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[CLAIM 4] 

It makes Sn and Sb as a basic composition, it is 
the alloy in which contents of Sb is 0.1 to 20 
weight%, and which contains any one or more 
type of 0.1 to 30weight% Bi, and 0.1 to 
20weight% In, in addition, contains any one or 
more type of 0.1 to 3.0weight% Cu, and 0.1 to 
15weight% of Zn, and the remainder is Sn. 
Solder material characterized by the 
above-mentioned. 



[DETAILED DESCRIPTION OF THE 
INVENTION] 
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[TECHNICAL FIELD OF THE INVENTION] 

This invention relates to the solder material in 
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the cream solder which it mainly uses for 
soldering of an electronic-circuit base plate. 
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[0002] 
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[PRIOR ART] 

Reduction in size of an electronic component 
and high-density-package-izing of surface 
mounting in an electronic-circuit base plate in 
recent years are being enhanced. 
In connection with it, high-efficiency of solder 
material is needed. 
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tt*— «©»±^*:*t«- (Sn- 
Pb^) "FK^ftSfi*© 

So 



[0003] 

However, the problem of the lead formerly 
contained in a general solder material (Sn-Pb 
type alloy) is floating from the position of an 
environmental problem. 

That is, when the waste of the product using the 
solder material of the past is exposed to acid 
rain, the lead which is a toxic substance elutes 
in large quantities. 

Therefore, the toxicity poses a very serious 
problem. 

Therefore, development of the solder (lead less 
solder) material which does not contain the lead 
for which it can substitute the solder containing 
a lead is needed. 
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$&©#ffi-£4k-C*>5, 6 3 S n 
- 3 7 P b 0fiJiJc©Jt*6 3 : 



[0004] 

It demonstrates an example of the solder 
material of the past below. 
A typical solder is 63Sn-37Pb (the composition 
of ratio 63:37 is the same as that below of 
weight%) the metal composition of whose is the 
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eutectic alloy of a tin and a lead. 

It was what has an eutectic point in 183 degrees 

C. 
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[0005] 

Moreover, it demonstrates an example of the 
solder which does not contain a lead. 
The Sn-3.5Ag alloy solder and the Sn-5Sb alloy 
solder have a mechanical strength superior to a 
Sn-Pb eutectic solder. 

Moreover, about a wettability, it is a little inferior 

to a Sn-Pb eutectic solder. 

However, it is thought that it may still be able to 

substitute. 
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[0006] 

[PROBLEM TO BE SOLVED BY THE 
INVENTION] 

However, since a Sn-3.5Ag alloy solder and a 
Sn-5Sb alloy solder have high melting point, it 
becomes the high temperature such as working 
temperature of 220 degree C-250 degree C, it 
had the problem of temperature having been 
too high for the assembly of an electronic 
component, and damaging an electronic 
component. 
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[0007] 

Objective of the invention is providing the solder 
material which lowers melting point of the 
above-mentioned solder and has the 
outstanding mechanical strength, without 
generating the above problems. 
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[0008] 



■tZtclblZ.^ Sn-Ag-Bi 
-Cu^, Sn-Ag-B i- 
I n-Cu^fc<5VMiS n-S 



[MEANS TO SOLVE THE PROBLEM] 

Invention of this application made the 
predetermined matter the composition rate of 
the solder material of a Sn-Ag-Bi-Cu type, a 
Sn-Ag-Bi-ln-Cu type, or a Sn-Sb type, and the 
rate of adding material, in order to solve the 
above-mentioned problem. 
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[EMBODIMENT OF THE INVENTION] 

1st invention of this application considers Sn as 
a basic composition in order to cancel problem 
(221 degrees C of melting point) of the 
Sn-3.5Ag alloy solder of the above-mentioned 
past, 0.1 to 20 weight% of contents of Ag, 0.1 to 
25 weight% of contents of Bi, and the content of 
Cu contain in 0.1 to 3.0weight% of the range. 
It concerns on the solder material of the 
Sn-Ag-Bi-Cu type characterized by the 
above-mentioned. 



[0010] 

&b U Ag^Wo. 1 
~ 2 0fi*%, B i (D^Mfc 
0. l~2 5ii% InOt 
0 . 1 ~ 2 0 C 
u<D<g^m&0 . 1~3. Ofi 

Wtki~Z) S n -A g -B i - I 



[0010] 

2nd invention of this application considers Sn 
as a basic composition in order to attain the 
similar objective, 0.1 to 20 weight% of contents 
of Ag, 0.1 to 25 weight% of contents of Bi, 0.1 to 
20 weight% of contents of In, and the content of 
Cu contain in 0.1 to 3.0weight% of the range. 
It concerns on the solder material of the 
Sn-Ag-Bi-ln-Cu type characterized by the 
above-mentioned. 
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[0011] 

^'kfCLT, 0. 5 — 6fijr% 
Witt 7 5 — 9 8fi*%( 



[0011] 

In 1st invention and 2nd invention, it centers the 

content of Ag on 3.5 weight%, in the range of 

0.5 to 6 weight% is suitable. 

Moreover, in the range of 75 to 98 weight% is 

suitable for the content of Sn which is the main 

compositions. 



[0 0 12] 

5 n - 5 S b &&\-£/vti<Dfflm 
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[0012] 

3rd invention of this application considers Sn 
and Sb as a basic composition in order to 
cancel problem (240 degrees C of melting 
point) of the Sn-5Sb alloy solder of the 
above-mentioned past, it is the alloy which it 
makes into 0.1 to 20 weight% of contents of Sb, 
comprised such that it contains 0.1 to 
30weight% of Bi, and any of 0.1 to 20weight% 
of In or 1 or more type in it, it is characterized by 
remainder being made up of Sn. 



[0013] 

&*m&.k u sb (D^-mat 

0. l~2 0ii%it5^ 

ffeot, ^(O^ICO. 1 — 3 
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1 5MM%(DZ n<D\,^1*frlfr 1 



[0013] 

4th invention of this application considers Sn 
and Sb as a basic composition in order to attain 
the similar objective, it is the alloy which it 
makes into 0.1 to 20 weight% of contents of Sb, 
comprised such that while containing 0.1 to 
30weight% of Bi, and any of 0.1 to 20weight% 
of In or 1 or more type in it, it contains 0.1 to 
3.0weight% of Cu, and any of 0.1 to 15weight% 
of Zn or 1 or more type, it is characterized by 
remainder being made up of Sn. 
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(CUT, 1 ~ 9li%(Z)^i{C 
*Hj5fe-e*>5 S n 8 0 



[0014] 

In 3rd invention and 4th invention, it centers the 
content of Sb on 5 weight%, in the range of 1 to 
9 weight% is suitable. 

Moreover, in the range of 80 to 98 weight% is 
suitable for the content of Sn which is the main 
compositions. 



[0015] 

otenfozmf&'r&tctb, b i , 

I ncotM^rolM^o. l 



[0015] 

In 1st invention and 2nd invention, in addition to 
Bi or this, it adds In to the alloy which considers 
Sn and Ag as a fundamental composition in 
order to lower melting point. 
In order to attain such an objective, it requires 
as 0.1 weight % or more of each composition of 
Bi and In. 



[0016] 

i n<Dmm*m±~fz>t, m 



[0016] 

Moreover, since a mechanical strength will no 
longer be obtained if a composition of Bi and In 
each exceeds 25 or 20 weight%, it is not 
desirable. 

Furthermore, if the additional amount of Bi and 
In is increased, it can make a wettability good. 



[0017] 

Elite, Sn-3. 5Ag^ 



[0017] 

FIG. 1 shows change of melting point 
accompanying change of the additional amount 
at the time of adding Bi to Sn-3.5Ag alloy. 



1 frh^R hfr?£ While the additional amount of Bi increases as 
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<£ 5 B i OjftbDJrtSjjMjirj- is evident from FIG. 1, melting point falls 

-5 1 1 h \z.M&te\S.1gk&)\z&T linearly, melting point falls to 175 degrees C by 

U 2 5 W.M%(DW3]U\z. J; <9 gib 25weight% of adding. 

^lii 7 5°c*-ei^Ti-^o 
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[0018] 

FIG. 2 shows change of the peel strength 
accompanying change of the additional amount 
at the time of adding Bi to Sn-3.5Ag alloy. 
In the additional amount of Bi, a peel strength 
shows the maximum value at about 10 weight% 
as is evident from FIG. 2, if the additional 
amount of Bi exceeds 25 weight%, it will fall 
rather than the peel strength of Sn-3.5Ag alloy. 



[0019] 

El3W:Sn-3. 5Ag^C 
B i ^3fi»%^DLfcm^ 
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t.2 0 ( S 
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[0019] 

FIG. 3 shows the wettability the case 
(Sn-3.5Ag-3Bi) where it adds Bi to Sn-3.5Ag 
alloy 3weight%, and at the time of adding 
20weight% (Sn-3.5Ag-20Bi). 
A wettability equivalent to a 60Sn-40Pb eutectic 
solder is shown as is evident from FIG. 3, what 
added particularly Bi 20weight% shows a 
wettability better than a 60Sn-40Pb eutectic 
solder. 



[0 0 2 0] 

±fSH 1 ~IH 3 iZTjk LfcMft 
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[0020] 

The trend shown in above-mentioned FIGS. 1-3 
is seen also when both Bi and In are added to 
Sn-3.5Ag alloy, moreover, it can be seen in the 
case where the content of Ag is different. 
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[0021] 

In addition, about adding of In, it also has the 
effect which controls generating of Sn whiskers. 
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[0022] 

In 1st, 2nd invention, it adds Cu in order to 
improve the strength. 

It requires as 0.1 weight % or more of 
compositions of Cu for strength securing. 
Moreover, in order to secure less than 
221 -degree C melting point, it could be 3.0 
weight% or less. 
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-t, s n t s b ^m^m.s^t-r 

B i , I nCO— JJX 
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[0023] 

In 3rd invention and 4th invention, it adds the 
one or both of Bi and In to the alloy which 
considers Sn and Sb as a basic composition in 
order to lower melting point and to improve a 
wettability like 1st invention. 
In order to attain this objective, it makes each 
composition of Bi and In into 0.1 weight % or 
more, moreover, in order to prevent a decline of 
a mechanical strength, it requires as 30 or 20 
weight% or less of each composition of Bi and 
In. 



[0 0 2 4] 

H4^i£:fe^T, SnirSb 
5rS*IM^l^ Bi, In© 



[0024] 

In 4th invention, it considers Sn and Sb as a 
basic composition, it adds Cu and Zn to Bi and 
the thing which added the one or both of In 
further in order to improve the strength. 
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(Dl-i$&!g.%:ip}±.&-&:&tc £>-C&> It makes each composition of Cu and Zn into 

5 0 ?&JgM$k<Dtz.#)C u % Zn 0.1 weight % or more for strength securing, 

co-^rtL-^tb^Oll^c^ 0 . 116 moreover, in order to secure less than 

M.%£X±.b U X 2 4 0 t^iSi 240-degree C melting point, it could 

03S&£<Hfti£i-6 tcMz^rti^: respectively be 3.0 or 15 weight% or less. 

3. o, i 5mm%£XTt 

L/c 0 

[0 0 2 51 [0025] 

M 1 \z.^.%$ft(D\-$/vti1$P((D& Each Example of the solder material of this 

H#£0iK ###^ it^M^-^cD invention, Reference Example, and 

l&^5c^ (Jiik%) i: ^{3i^:i~ 0 Comparative Example are shown in Table 1 with 

the composition rate (weight%). 
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Example 
##^>J: Reference example 
J±,t£0!j: Comparative example 
#l#c^ (£&%) : Composition ratio (weight%) 
fM: Remainder 
MM: Melting point 
5l35 0 3ft£: Peel strength 
Mfrife: Wettability 
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[0027] 

Example 1 and Reference Example 
1 -Reference Example 6 shown in Table 1 
considers Sn (tin) and Ag (silver) as a basic 
composition, it concerns on the solder material 
which contained Bi (bismuth), and any of In 
(indium) or 1 or more type in it. 
Example 1 is the Example of 1st invention. 
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[0 0 2 8J [0028] 

VfclzMMffl 1 > 0^$\6fe^ S Particularly Example 1 and Reference Example 

n t A g &3$s#.1f§.f$ l k -^tf) 6 consider Sn and Ag as a basic composition, 

cplCB i , In <D\/^-f fifa 1 H while containing Bi, and any of In or 1 or more 

iyU_h3r'a'^fi~<5£^t^ Cu type in it, it concerns on the solder material 

(i|Bl) , Z n (Slip) <D\/^irfrifa containing any of Cu (copper) and Zn (zinc), or 

1 31£t-L3r*a W Lfcte^/cWI- 1 or more type. 



[0 0 2 9] [0029] 

MMffl 2 , MMM 3 Sni Example 2 and Example 3 consider Sn and Sb 

S b (J7 l/^^tl/) ^£;$;&i.$c (antimony) as a basic composition, it concerns 

bls s ^W^tB i , I nOt^ on the solder material which contained Bi, and 

-ffrifr l S^±^"a LfcfiA/ any of In or 1 or more type in it. 

fcfW^f{ci#5 W"Cfc-5 0 Example 2 and Example 3 are the Examples of 

#J2, H»J3«3l3 3§^<D|| 3rd invention. 



[0 0 3 0] 

*%) tmz.*kir 0 tmmuz 
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A/fd\ ittfcflj 3fi63Sn-3 
7 P b* H B H {i^fcT'fe6o 



[0030] 

Moreover, the solder material of the past is 
shown in Table 1 with the composition rate 
(weight%) as Comparative Example. 
As for a Sn-3.5Ag alloy solder and Comparative 
Example 2, a Sn-5Sb alloy solder and 
Comparative Example 3 of Comparative 
Example 1 are 63Sn-37Pb eutectic solders. 



[0 0 3 1 ] 

~ 6 Rmmm 1 ^tt&m 3 <o 
Avmm-ehv , muz. 



[0031] 

Each melting point of Example 1- Example 3, 
Reference Example 1-6, and Comparative 
Example 1- Comparative Example 3, a peel 
strength, and a wettability are as being shown in 
Table 1 . 

Evaluation of wettability: CIRCLE is best, 



4/28/2006 



16/22 Copyright (C) 2006 The Thomson Corporation. 



JP2000-126890-A 



SQUARE is good, and TRIANGLE is common. 
All the examples shown in Table 1 are usually 
above, comprised such that there was no 
unsatisfactory thing. 



[0 0 3 2] 

mi i^Jfj^J: Ofc, S n 
-Ag-&&l~£/vtcRZPS n-S 
b&&fe/v tciZ., B i , I n £• 
mw-T 5 r t «fc <0 , iSk^SrT 
»f 5 r £ ^-et , #(C#%#J 2 , 

2 o otTOtsrt^-et 

fc 0 *fc«tttt!ft£t> 6 3 S n 
- 3 7 P b * B B B te A/ 7c it ij& 

oj&>*.&<, #K#%0!J 2 fi± 6 
3Sn-37Pb &&feAstck 



[0032] 

Obviously from Table 1, by adding Bi and In, it 
could lower melting point to the Sn-Ag alloy 
solder and the Sn-Sb alloy solder, and, 
particularly was able to make melting point them 
with Reference Example 2, Reference Example 
4, and Reference Example 5 at 200 degrees C 
or less. 

Moreover, the mechanical strength is equivalent 
or improved, compared with 63Sn-37Pb 
eutectic solder. 

Furthermore, a wettability does not interfere 
practically, either and particularly Reference 
Example 2 has the good wettability equivalent 
to a 63Sn-37Pb eutectic solder. 



[0 0 3 3] 

m^^^m 6 (a g 3 . 5 at 

*%, B i 311%, Z n 1%, 
C u 0. 7%, S nmW <Dfe 

htmPci^n^m 2 ( a g 3 . 

5fi*%, B i 2 0fiik%. S 
(63Sn-37P b* 0 B B teA, 



[0033] 

Next, if the experimental result when using the 
solder material of Reference Example 6 (Ag3.5 
weight%, 3 weight% of Bi, Zn1%, CuO.7%, Sn 
remainder) and the solder material of Reference 
Example 2 (Ag3.5 weight%, 20 weight%.Sn 
remainder of Bi) in chip-component mounting 
using the cream solder which carries out 
pasting is shown compared with the case of a 
cream solder made from Comparative Example 
3 (63Sn-37Pb eutectic solder), it will become as 
it is shown in Table 2. 
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[0 0 3 4] 

y * ^^J 4oi 

4%, nv^5 5. 3 
7£tt#j0. 6 9fi*%, ^3rV 

^ij4a*%t?foSo 



[0034] 

In addition, compositions of the flux used for 
pasting are 40 weight% of solvent, 55.31 
weight% of rosin, 0.69 weight% of activators, 
and 4 weight% of thixo agents. 



[0 0 3 5] 
[*2] 



[0035] 
[TABLE 2] 





1005^ 




mm 
(%) 


mm 


10,000 
10,000 


170 
155 


1.7 
1.55 




10.000 


150 


1.5 



#%#!J: Reference example 
kk^tffl: Comparative example 
H^o&Sfc: Implementation point 

v -ftL'h^Wi: Number of tip standing 
Incidence 



[0 0 3 6] 

^ 6 &O*##0"J 2 HI jo »t 5 V 

^iLhmtkmzi. 7%, i. 

5 5%-CfcoT,JtK^j3<7> 1 . 
^p 0 p(D^^^5t5(D^^ ISIS 



[0036] 

As evident from Table 2, the tip standing 
incidence in Reference Example 6 and 
Reference Example 2 is 1.7% and 1.55%, 
comprised such that it is almost equivalent to 
1.5% of Comparative Example 3. 
It can perform mounting of a chip component 
nearly identically with the case of the past. 



[0 0 3 7] 



[0037] 

In the above-mentioned explanation, it did not 
give the Example of 4th invention specifically. 
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ammm 2(^3 mm^mmm) 

t&swxhzfrbxh% 0 



However, it is Example 2 (Example of 3rd 
invention) so that the concern between 
Reference Example 6 and Reference Example 
1 may see. 

It is because it is obvious that it can assume the 
Example (one equivalent to Example of 4th 
invention) which can improve a peel strength by 
adding Zn and Cu. 



[0 0 3 8] 



[0038] 



\Z-*XT<<f%^tfrX%Z>t& 



[ADVANTAGE OF THE INVENTION] 

While being able to lower melting point of a 
solder even to the degree which can perform an 
electronic-component assembly according to 
this invention, it can provide an unleaded solder 
material excellent in the mechanical strength 
and the wettability. 



[BRIEF DESCRIPTION OF THE DRAWINGS] 



m 1 1 [fig 1] 

Sn— 3. 5 A g-a&l^B i £r The characteristic view showing the concern 

SsAP LtcM-a(D^\iMtMM.t between the additional amount at the time of 

coP#^^'t"#t4[2l 0 adding Bi to Sn-3.5Ag alloy, and melting point. 



[HI2] 

S n - 3 . 5 Ag^^{ZB i £ 



[FIG 2] 

The characteristic view showing the concern 
between the additional amount at the time of 
adding Bi to Sn-3.5Ag alloy, and a peel 
strength. 



[EI3] 



[FIG 3] 

The characteristic view comparing and showing 
the wettability of various solder material. 
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[FIG. 1] 




Melting point 
WtiWlk (11%) : Addition amount (weight%) 



[02] 



[FIG. 2] 
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^mvmm: Peel strength 

ffiMA : Addition amount (weight%) 



[IH3] 



[FIG. 3] 



4 - 



8 - 



m 





Sn-3.5A«-3Bi 




Sn-3. 5Ag-20Bi 






60Sn-40Fb 


— • — 




0 H ^—280 250 260 



J L 



210 2S0~ 



MttB#r^: Wet time 
iELSE: Temperature 
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[»f*iifcfc*>IE8fl] 

[ WPm 1 ] S n £S**&J£ iUAg <7)-£*S# 
0. 1— 20ftfi%. B inttMtfO. 1—2 5 US 

cu(7)#^r**<o. i~3. oti%«ffiim 

-tSdhfcWffifc-t&Sn-Ag-B i -Cu^tfOi^ 

[»*3S2 ] s n zmxmfct U A g<o-trtrjt# 

0. 1-2 011%. B i C0-£*firt<0 . 1-2 5ft* 
%, In^MO. l-2 0ftft%, Cu<7)£-« 

#0. 1-3. oafi%^ffl-c-&*-r§-ts:#ai: 

■f JSn-Ag-B i - I n-Cu^tJXtffffi. 
[ffi*3R3] Sni:Sb!;S*«ItL. Sb^t 
fi#0. l-2 0li%tf|,^t$)^. %<nMz 
0. l-3 0ll%«Bi, 0. 1— 2 0ftS%<DIn 
cOVvTix*>l«Jil±£-£:tU 56SP**Sn*>£>3:6ii: 

[li*3R4] SntSb^MtU SbO&W 
S*<0. l-2 0fii%i:t-S^-CJ>o-C. 
0. l~3 0ii%(7)Bi, 0. l-2 01i%«In 
<0V^fL*HSJil±5r-i-W-n»i:*C 0. 1-3. 0 
Il%«OCu, 0. 1 — 1 5fi*%<DZnC0Vvfft*>l 

[0001] 

mmcoi^tznmzm^ -j»\tA,isnzt3 ft & it 

[0002] 

[0003] u>>u wws]jh*mmm»6, mt-mn 

\±A,Kmi (Sn-Pb|^) +fc**it*»«0|S|H 

am± lx % x\ » * . -r , aawD^«*m 

£ t #TS= 4»* L&v ^±/Uf ( tt UAli^d ) W 

®<omm*'jmb%'?x^&. 
[0004] viTizm&^i/itmmn-mi.z^xwt 

ftS^-^T2b&. 6 3Sn-37Pb <fflj£<OJt$6 
3 : 3 7ttMt%JaTPH«) T'J>9. 1 8 3X*:#JM[ 

[0005]*!t. SS&tS^^l^^tO-PICO 
^XWmth. Sn-3. 5Ag^»ite. fcitfS 
n - 5 S b-&&tiX,Jt*li, S n - P b&flfciXrtfJ; 0 t 
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2 

(iS n - P b«JM^«CJd«=F«6*«, -?-*tT't»ft# 
X'^^m^hht^thtiX^h. 
[0006 ] 

[JMfoMKifcl,.l:3i:"*-*MB] L*>L$r**fc. Sn- 
3 . 5 A g £&&Uf* S n - 5 S b -&aW:/W5mKjft 
;W§lrVfc«>, f^iaK* < 2 2 0°C— 2 5 O'CT'&S J: 0 

[0007] *#8*>aWli. ±SBtf)J: 3 ^r^M^^fg 

[0008] 

£«&-f£*:tf>fc, Sn-Ag-Bi-Cu^, Sn- 
Ag-B i - I n-Cu^£>SV>(iSn-Sb^c%)X 

t Ltzi><r>x'bh . 

[0009] 

20 n — 3 . 5 A s-d^l^X^f^mJOjK (Ik£2 2 1*C) £ 

0. 1— 2 0£4%fc. B i<7>£3rS#0. 1-2 5ft 
g%, Cu (7)^4**0. 1 — 3. 0ft4%<0SSfflT"& 
^-fS-IfcHf^-f £Sn-Ag-B i - CuMi 

[ooio] *m<r>fb2%pm. mmnBtt3t:&&t& 

tztb. SnJi^MkU Ag«Mi* { 0. 1-2 
0ftS%. B iOttAffO. 1— 25£4%. I nco 
-&*4A*0. l-2 0ftfi%. Cu<D-£3r4#0. 1- 
30 3. 0ftfi%i0!EHT-#*^ii:^#ai:-ri»Sn- 
Ag-Bi-In-C u?k<7>\±A,tmmzfa& i>C0T*> 
h. 

[ooii] ^i%mm/^2%mzi5\^x Agcosn 

Mit 3. 5ft4%£«f"fr£LT, 0. 5-6ft4%<0& 

*fi(S7 5-9 8ft»%«IEHtc^SCi:*>-if3i-?:'^ 
4. 

[0012] *m?m3%mt. ±fe^*»s n - 5 s 

40 46, SntSb^iltL. SbfiO^ft^O. 1 
-2 0£fi%i:-n»^T-^-3T, WC0. 1-3 
0Sfi%<?)Bi > 0. 1— 2 0ft4%CDI ncOV.-f^L^ 

s. 

[0013] 3|E«<0fll4%QU. IH«<7)aW2:^-r4 
fei6, SntSbSr^ffi^ttL, SbcO-g-^g^'O. 
l-2 0Sfi%t^l»^fe-C-J>^T. -?-<7)*^0. 1- 
3 0Sfi%<7)Bi. o. 1— 2 0ft*%cOI nW^•f^^ 
*USJjULSr#*-ri.i:*(C. 0. 1-3. 0ftfi%<0 
50 Cu, 0. 1 — 1 5ftS%«0Zn<7)V»-r^iaiilii5: 
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[0014] *3SKBat«B4«Wfc*iV^r Sb»M 
4Ji5Sfi%S:<t»'C4;:LT. l~9ftft%tf)&Bfc£>.& 

o~9 sfij^SEHt&s zktfimx'hz>. 

[ 0 0 1 5 ] Sll %Bfl&tXm2^tfcUT . SntA 
g£&#6*5rfflj£i:-r&£&t;:. B iXii-IfUcflP^T 

o^aw^m-r^^, b i . i n<7i*ti?ticD$m 

5:0. im4%ULhfc I/O**. 
[0016]4!t, B i , I ncr>j&tfZi)tZtl?tl2 5 . 

2 onmxzMtztmmw&mmhtitc^&coT 

IfftKtc^. Zt>lzB i . I ncO^SDiSrii^-r^ 
[001711111 Sn-3. 5Ag^CBi^ 

x-foh . H i a^HJtea^ J: b i <?>^nfi* J tiSp 
•t £ i: t ^HiitiitlSWfcffiT L, 2 5 SS%<7)8id)P 
£ J: Dilute 1 7 5*C2T&IT-r&. 
[0018JH212. Sn-3. 5Ag^CB i £8s 20 
Jp Lfcit£^Ss!jP*c^fcfc# d §1560 3$J£c9^fc£* 
•tt<OT-S>l.. H2*»f>Bfl^A^J:'5C. Bi^JpS 
tm 1 0 S»%T'3 15S 0 3feg#&*fS£S L. BIOS 
JBUb&^SMXfcJBifci:, Sn-3. 5Ag£A<0 

[00 1 9] H3«2:Sn-3. 5Ag-&tfcB i £■ 331 
a%»L^^ (Sn-3. 5AS-3B i ) t , 2 
0mS.%muLtl%£ (Sn-3. 5Ag-20Bi) 

60Sn-40Pb #flUX*f i; RSpW jWltt** * 30 
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4 

*^fHB i Z2 0n&%mnLtzi*<?>\*. 6 0Sn-40 

p t>#AMx*f j: o i> **h.tt*sH\ 

[00 20] ±ieHl~03^Ufcii(6l{is Sn- 
3 . 5 A g S&IZ Biftt/In CDi^&SriSflP L^^tC 
t*£>*U XAgc^frS£fl&^W:i#(::i>^*l 
6. 

[002 1 ]&*> s I ncr>mnl,z-o\^XltS n*-f X# 

[0022] mi. m2H«U§fc:i3^0 CuS:8£&irfS 

<7>fflj££0. l**%J2Lbi:l/0**. 2 2 1-C 

5^«0li£*lMW-Sfc*>fc3. 0®g%OTfc Lfc. 
[0023] *3«BBaV»4f6Wfc*JV^T . S n t S 
bS-^ffl^fc^-^^lC. Bi. I nff)-*X(«* 
*8fflirt-40tt. *l3«WkH«. «Jl££Ttf. Mil®. 
^m^htzibX'hh . i^BWSr^-r-l.^. B 
i, I n<^-Hx-e*"UOfflj££0. l*jt%JJlhfc U £ 
fc«B««fift<OfiT*l»Cfeft. Bi, I nco^fi-en 
<7)iiJ3 0. 2 0fiS%OTfc LTV>4. 
[00 24] gWfSWtCfcVvO SntSb5-i*8W 
i:L, Bi. I ncTj-^XJiM^rSr^JPL^t^tc. 38 
(CCu, Z n £8Stnrf 6<0«i&S£ffl±£tf 
£ . %um&cvtzibC u . Z n <7>*;h.-?'fc.<?>31)£;$: 0 . 
lllXiaiiU X2 4 0r*jf|c7)M^?rli«'t-«./S 
akfc-f-fl-fii. 3. 0, 1 5M&%&.Tt Ltc. 

[ o o 2 5 ] * i t*%Hj^ti^'tt^&*MM. # 

[0026] 
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[0027] ^i^-r^sswifcj:ix##«fiji~## *iw}±*ttLtz\zA,tmp t i l zmhi><ox'h&. m& 

«6tt, Sn (ft) fcAg (ffi) Zm*®S8.tL, « 1 «» 1 *%OWB0tC*« . 

+tBi (t'^,-7^) , In U >iSV2») «V^-r<l*»*50 C 0 0 2 8 ] fticgiftftl . ##CT6Ji. SntAgJ 
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5 

rnxmnzb u *<d*>izb i , i noo-rit^iauLh 

[00 2 9] 9EWM2, §U5fe0lJ3(4» SnfcSb (TV 
fty) L, -e^+tCB i . I nCDlvftl 

am 2 . hm^i 3 izm 3 ftn«ttatfr?ft s . 

[ 0 0 3 0 ] XM 1 JtKWt LTft3tW(4/C*?tt 

-3. 5As-&&ttyWf, Jt«0«2(4Sn-5Sb-&& 10 
UX^f, 146 3 S n - 3 7 P bftAMXtfTifc 

S. 

[00 3 1 ] 3HtWl~3B*0i3, ##0ll~6&tfJt 
* 1 KSs^- 1 tJ 9 "C* 4 . vSfitt<7)ff »4 . Otffifcft , 

[0032] miXVWbfrZXotZ. Sn-Ag^f 
(4A,fc*&tf S n - S b£&MX£(C. Bi, In £ j&n 
t-S £ fc (C «t 0 . Hu£SrT(f 6 i fc **T-£ . «rfc#*« 20 
2 . ##0(4 , ##0« 5 X'im&Z 2 0 0 •CfeiTt'T* 

(C»ft.ttfc5lfflfcaLoA»£$r< , #(=##0112(46 3 
S n - 3 7 P b*=ft(4/«:fc H^0M#=5r»iittS:*L 

[0033] mzm^me ( a s 3 . 5S*%, b i 3 

Znl%, CuO. 7%. SngigP) ?)(4/C*f 
*m#X/ f ##0»2 (Ag3. 5SS%, Bi201i 

%. sn$&) <of4^itt^£^-xMtLT&4?>,> 30 

®m&i. tiM®\3 (63Sn-37P b£JW4X,fc') 
£*ffi t -f 4 ? U - A«4X^f <0*^fc Jt"K LT^-T fc , 
^2cOio^4. 
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[00 34] Srfc, ^-Xh-ft;tfflV^7 7-y^XC0ffl 
S»4 0S*%, oyy5 5. 31ttfi%. 
. 6 9fifi%, f-*VJW4S*%Tra*. 
[0035] 
[^2] 









mm 
c%) 




10.000 
10.000 


170 
155 


1.7 
1.55 




10.000 


150 


1.5 



[0036] *2*>&BJte*»$:J: d (C. ##0lJ6&tf# 
#0!2KtJ»t6f-yTA*»«^3«il. 7%. 1.5 5 

[0037] ±immzti^x\t, &4WR<?mm* 
^w-mztemftcfrr, tztf. ##CT 6 1 ##0ij 1 1 <m 
mz&tiix&ioiz. mx.ummm2 (m3m&mm 

c7)) zmszx'%zzbffawx'*>z>frt>x'$>h. 

[0038] 

sm^x^m^mmiztx-Tifi zbtfx-z 4 t& 

[|1] Sn-3. 5Ag^KB i 5r»Lfc*-&<0 
[02] Sn-3. 5Ag^CB i £8fc&D Ufci&£<7> 

a. 
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